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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a dense nickel hydroxide used as a positive electrode in an 
alkaline storage battery, which has a higher utilization factor and a cycle with suppressed 
degradation under higher temperature. 

SOLUTION: A dense nickel hydroxide used as a positive active material in an alkaline storage 
battery comprises a solid solution including 3 to 8% by weight of zinc, 0.5 to 5% by weight of cobalt, 
and 0.1 to 3% by weight of at least either of yttrium and calcium. The nickel hydroxide has, in its 
(101) plane by the X-ray diffraction, peak widths at half height of 0.85 to 1 .2°/29, tapping densities of 
2.0 g/cc or more, specific surface areas of eight to 30m2/g, and mean particle sizes of five to 15p,m. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s h 0WS the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the nickel hydroxide used as a positive active material of an alkaline battery Zn dissolves 
[ at least one or more sorts of 0.5 - 5 % of the weight and an yttrium, or calcium ] three to 8% of the 
weight, and cobalt dissolves 0.1-3 % of the weight. High-density nickel hydroxide to which the field 
full width at half maximum in an X diffraction (101) is characterized by 2.0g [ cc ] /or more and specific 
surface area being [ 8-30m2/g and a mean particle diameter ] 5-20 micrometers for 0.85- 
1.2degree/2theta, and tapping density. 

[Claim 2] The manufacture method of the high-density nickel hydroxide of the claim 1 which carries 
out continuation supply of the nickel salt solution which contains zinc, cobalt and calcium, and/or an 
yttrium in a reaction vessel, an ammonium-ion supply object, and the alkali-metal hydroxide, is made 
to carry out a continuation crystal growth and is characterized by taking out to continuation. 
[Claim 3] The manufacture method of the high-density nickel hydroxide of the claim 2 characterized 
by taking out nickel hydroxide to continuation while control the salt concentration in a reaction vessel 
in the range of 50 - 200 mS/cm in **5 mS/cm, ammonium-ion concentration is controlled in the range 
of 1 - 10 g/l in **0.5 g/l, Reaction pH is held in **0.05 in 1 1.0-13.0 and reaction temperature is held in 
**0.5 ** in 25-80 degrees C. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the positive-active-material slack high-density nickel 
hydroxide for the alkaline batteries which use zinc, a hydrogen storing metal alloy, etc. as a negative 
electrode, and its manufacturing method. 
[0002] 

[The technical field to which invention belongs] In recent years, as a cell of cordless electronic 
equipment, such as a cellular phone and a notebook sized personal computer, although the alkaline 
battery is used, improvement of high-capacity-izing and an elevated-temperature property is called 
for. The alkaline battery which makes especially a nickel oxide a positive electrode and, on the other 
hand, uses a hydrogen storing metal alloy as a negative electrode also in an alkaline battery as a cell 
for electric vehicles, i.e., a nickel hydoride battery, attracts attention. Although the nickel hydoride 
battery is seen as a hopeful from other cells by high capacity and the cycle life, high-capacity-izing 
and the long cycle life under the elevated temperature of 45 degrees C or more are searched for. 
Irrespective of the object for portable, and the object for electric vehicles, it also sets to a positive 
active material and development of the material which contributes to high-capacity-izing and the long 
cycle life under an elevated temperature similarly is called for. Then, various proposals are made in 
order to satisfy these properties. 

[0003] 1) In JP, 8-1 621 11, A, an yttrium and zinc were made to dissolve to nickel hydroxide, and 
suppression of high capacity and electrode swelling is attained. 

2) In JP, 7-201 326.A, calcium and zinc were made to dissolve to nickel hydroxide, and the decline in 
the utilization factor accompanying a charge-and-discharge cycle and suppression of electrode 
swelling are attained. 

3) In JP,5-314983,A, nickel hydroxide and a calcium hydroxide are mixed, initial charge is devised, 
and the utilization factor at the time of an elevated temperature is raised. 

[0004] 

[Problem(s) to be Solved by the Invention] However, it is unknown how [ that there is no description in 
the charging efficiency and service capacity at the time of an elevated-temperature property, i.e., an 
elevated temperature, and is suitable for elevated-temperature correspondence by the method of 1 ] it 
is. By the method of 2), like 1 , there is only comparison at 25 degrees C and the property in an 
elevated temperature is unknown. By the method of 3), if initial-activity-ization is not devised, a 
property does not come out. 

[0005] Therefore, in the manufacturing method of the above nickel hydroxide, as an object for the 
positive electrodes of an alkaline battery, it is still inadequate, and under the elevated temperature, it 
has the stable high utilization factor and development of high-density nickel hydroxide with little cycle 
degradation has been an important technical problem. 
[0006] 

[Means for Solving the Problem] In the optimal nickel hydroxide for which this invention is used as an 
object for the positive electrodes of an alkaline battery Zn dissolves [ at least one or more sorts of an 
yttrium or calcium ] 0.5 to 5% of the weight three to 8% of the weight, and cobalt dissolves 0.1-3 % 
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of the weight. 0.85-1.2degree/2theta, and tapping density aim [the field full width at half maximum in 
an X diffraction (101) / 2.0g / cc / /or more and specific surface area ] to let 8-20m2/g and a mean 
particle diameter offer the high-density nickel hydroxide which is 5-20 micrometers. 
[0007] this invention manufactures high-density nickel hydroxide by carrying out continuation supply, 
carrying out the continuation crystal growth of the nickel salt solution containing cobalt and calcium, 
and/or an yttrium, an ammonium-ion supply object, and the alkali-metal hydroxide to a reaction 
vessel, and taking out the obtained precipitate to continuation. 

[0008] At this time, the nickel hydroxide by which fine-particles physical properties, such as 
crystallinity, tapping density, specific surface area, and a particle diameter, were controlled well can 
be obtained by maintaining the salt concentration in a reaction vessel, ammonium-ion concentration, 
pH, and temperature within fixed limits. 

[0009] That is, Zn dissolves [ at least one or more sorts of 0.5 - 5 % of the weight and an yttrium, or 
calcium ] three to 8% of the weight, cobalt dissolves 0.1-3 % of the weight, and the high-density 
nickel hydroxide 8-30m2/g and whose mean particle diameter 2.0g [ cc ] /or more and specific surface 
area are [ the field full width at half maximum in an X diffraction (101) ] 5-20 micrometers for 0.85- 

I. 2degree/2theta, and tapping density is obtained. 

[0010] The aforementioned nickel hydroxide is obtained by holding the salt concentration in a tub in 
**5 mS/cm in the range of 50 - 200 mS/cm, and holding ammonium-ion concentration in **0.5 g/l in 
the range of 1 - 10 g/l. 

[0011] Moreover, the aforementioned nickel hydroxide is obtained by holding Reaction pH in **0.05 in 

II. 0-13.0, and holding reaction temperature in **0.5 ** in 25-80 degrees C. 

[0012] As a modifier of salt concentration, a sodium chloride, potassium chloride, a sodium sulfate, 
potassium sulfate, hydrochloric-acid ammonium, an ammonium sulfate, etc. are mentioned. 
[0013] As a calcium salt, nitrates, acetate, oxalates, etc. other than a sulfate are used. Since a 
calcium sulfate is poorly soluble, it is not used for water. 
[0014] 

[Embodiments of the Invention] If the concentration gradient is large in case a solid-state crystal is 
generally deposited from the inside of solution, the deposit of a particle will increase. That is, as for 
the mechanism which deposits a solid-state crystal from the inside of solution, solution serves as a 
semi- saturation state -> saturation state -> supersaturation state -> crystal deposit. For that, it is 
necessary to perform the above-mentioned mechanism smoothly as slowly as possible to grow up a 
particle, and to take the small concentration gradient near a saturation state. 
[0015] However, the solubility curve of nickel hydroxide changes very a lot to pH. That is, the 
concentration gradient of nickel to pH is very large in solution. Therefore, only generation of a particle 
can be desired by the usual method. In this invention, by making nickel into ammonium complex salt, 
the concentration gradient of nickel to pH in the inside of solution was made small, and the particle 
was grown up. 

[0016] Only by making three components into a constant rate and controlling pH, the ammonium-ion 
concentration in liquid changes with decomposition and evaporation of ammonia, and generating of 
the crystalline nucleus produced from ammonium complex salt becomes unstable. By controlling the 
ammonium-ion concentration in liquid, generating of a crystalline nucleus becomes fixed for the first 
time, and it becomes that to which the degree of growth of a particle was equal. 
[0017] Since the ammonium-ion supply object and alkali-metal hydroxide corresponding to the 
amount of nickel to need are always needed in order to hold the state of the above-mentioned 
mechanism, a reaction process is considered as continuation. Here, the spherical high-density nickel 
hydroxide by which a fluidity is accompanied is obtained, scouring of particles being put together and 
repeating polish and growth by carrying out an agitating speed early. 

[0018] In addition, the ammonium-ion supply object used at the reaction in this invention is used as a 
reaction intermediate so that it may be expressed with a reaction formula (1) and (2). The case of a 
nickel sulfate, ammonia, and a sodium hydroxide is shown for nickel salt, an ammonium-ion supply 
object, and an alkali-metal hydroxide, respectively (in order to simplify a formula, although cobalt, 
calcium, and the yttrium were excluded, they go via ammonium complex salt similarly), the Ming kana 
from a formula -- like, ammonia 4Eq or more is unnecessary, and can be managed with about at most 
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0.5Eq small quantity 
[0019] 

NiS04+4NH3+2NaOH -> nickel(NH3)4(OH)2+Na2S04 (1) 
nickel (NH3) (OH)4 2 -> nickel(OH)2+4NH3 (2) 

The reason which limited the reaction condition by the claim 3 is as follows. 

[0020] - Salt concentration <50 in a tub (mS/cm) A crystal growth is suppressed and only the thing of 
low density is obtained. 

> 200 (mS/cm) It becomes easy to crystallize nickel salt solution, and it becomes impossible to supply 
adequately. 

> **5 (mS/cm) If dispersion becomes large five or more, the non-set of crystallinity will increase. 
[0021] - Ammonium-ion concentration <1 in a tub (g/l) Formation of complex salt decreases and a 
minute particle increases. Stabilization becomes difficult. 

> 10 (g/l) The ammonia residue in nickel hydroxide increases. 

> **0.5 (g/l) If dispersion becomes large 0.5 or more, the non-set of crystallinity will increase. 
[0022] - Reaction pH<1 1 .0 in a tub A crystal growth becomes quick and a crystal becomes large too 
much. 

> 13.0 A crystal growth is suppressed and only the thing of low density is obtained. 

> **0.05 Dispersion of a crystal and the distribution width of face of a particle diameter become small. 
[0023] - Reaction temperature <25 degree C in a tub The crystal of mineral salt becomes easy to 
deposit and high concentration cannot be maintained. 

> 85 degrees C Adjustment by the pH meter becomes difficult. 

> **0.5 degrees C Dispersion of a crystal and the distribution width of face of a particle diameter 
become small. 

[0024] In a claim 1, an operation of the dissolution element in nickel hydroxide and the reason of 
range limitation are as follows. 

[0025] - In order that Zn addition may distort the crystal lattice of nickel hydroxide and may make 
movement of a proton smooth, it has the effect which is a charge by-product and suppresses 
generation of low gamma-NiOOH of a utilization factor. 

[0026] The reason for numerical limitation: <3 (%) There are few effects of gamma-NiOOH generation 
suppression. That is, an electrode swells and cycle degradation is caused. 

> 8 (%) A nickel content decreases and capacity falls. Moreover, particle growth becomes slow and 
high-density nickel hydroxide is hard to be obtained. 

[0027] - Co addition makes smooth conversion to beta-NiOOH of the beta-nickel 2 at the time of 
charge (OH), and has the effect which suppresses the oxygen-evolution competitive reaction at the 
time of an elevated temperature by compound addition with Zn. 

[0028] The reason for numerical limitation: <0.5 (%) The effect of elevated-temperature property 
improvement does not show up. 

> 5 (%) A discharge potential is lowered. A nickel content decreases and capacity falls. In compound 
dissolution with Zn, high-density nickel hydroxide is hard to be obtained. 

[0029] - Y addition has the effect which is a charge by-product at the time of an elevated temperature, 
suppresses generation of low gamma-NiOOH of a utilization factor, and suppresses electrode 
swelling by compound addition with Zn. 

[0030] The reason for numerical limitation: <0.1 (%) The effect of elevated-temperature property 
improvement does not show up. A cycle improvement effect does not show up. 

> 3 (%) A nickel content decreases and capacity falls. In compound dissolution with Zn and Co, high- 
density nickel hydroxide is hard to be obtained. 

[0031] - calcium addition is effective in raising the utilization factor at the time of an elevated 
temperature. 

[0032] The reason for numerical limitation: <0.1 (%) The effect of elevated-temperature property 
improvement does not show up. A cycle improvement effect does not show up. 

> 3 (%) A nickel content decreases and capacity falls. In compound dissolution with Zn and Co, high- 
density nickel hydroxide is hard to be obtained. 

[0033] The reason which limited the physical properties of nickel hydroxide by the claim 1 is as 
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follows. 

[0034] - Field full-width-at-half-maximum <0.85 in an X diffraction (101) (degree) Movement of the 
proton in the inside of liquid is not smooth. 

> 1.2 (degree) A crystal collapses. 

[0035] - Tapping density <2.0 (g/cc) Restoration nature becomes bad. 

[0036] - Specific-surface-area <8 (m2/g) A giant particle increases and restoration nature becomes 
bad. 

> 30 (m2/g) Hole capacity increases. 

[0037] - Mean-particle-diameter <5 (mu) A particle increases and restoration nature becomes bad. 

> 20 (mu) A giant particle increases and restoration nature becomes bad. 
[0038] 

[Example] 

(Example 1) Carrying out the continuation injection of the nickel nitrate solution of 2 mol/L, the zinc 
nitrate solution of 0.13 mol/L, the cobalt-nitrate solution of 0.035 mol/L, the calcium-nitrate solution of 
0.058 mol/L, and the ammonium-nitrate solution of 5 mol/L, the sodium-hydroxide solution of 10 mol/L 
was supplied to the reaction vessel with an agitator so that pH in a reaction vessel might be 
maintained automatically 12.0. Moreover, the sodium nitrate was added, salt concentration was 
adjusted to 100 mS/cm, and the temperature in a reaction vessel was maintained at 40 degrees C, 
and was always stirred from the agitator. Dryness processing of the generated hydroxide was taken 
[ make it overflow from an overflow pipe and ] out and carried out [ rinsed, dehydrated and ]. Thus, 
high-density nickel hydroxide was obtained. 

[0039] (Examples 2-5 and examples 1-4 of comparison) Although the manufacture procedure was the 
same as that of an example 1 , an alloying element, its compounding ratio, and the reaction condition 
were changed. They are shown in Table 1 . 
[0040] 
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[0041] (Measuring method of physical properties) 
[Table 2] 
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[0042] 
[Table 3] 
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[0043] (The evaluation method as a cell) The positive electrode was produced using each nickel 
hydroxide obtained in examples 1-5 and the examples 1-4 of comparison, respectively. That is, little 1 
cobalt-oxide powder was mixed, CMC (carboxymethyl cellulose) solution was added and this mixture 
was made into the shape of a paste, and the foaming nickel base which is a base material was filled 
up, and dryness pressurization was carried out, and it was made into the positive electrode at nickel 
hydroxide. The charge and discharge of this positive electrode were carried out in potassium- 
hydroxide solution by having made the cadmium negative electrode into the partner pole, and the 
active material utilization factor and the charge-and-discharge cycle life were measured. At this time, 
temperature was held at 50 degrees C. 

[0044] It asked for the active material utilization factor as follows. That is, it charged to 150% of 
geometric capacity by the charging current of 0.1 C to the geometric capacity of a positive electrode, 
and discharged to 1.0V by the discharge current of 1/5C after that, and the survey service capacity to 
geometric capacity was expressed with percentage. 

Active material utilization factor (%) =(1 .0 by V service-capacity / nickel hydroxide geometric capacity) 
x100. [0045] It charged by the charging current of 1C for 1 hour, and continuous discharge of the 
cycle life was carried out to 1 .0V by the discharge current of 1C after the 30-minute pause, and it 
repeated this charge and discharge and considered it as the time of a charging time value falling to 
60% to early continuous discharge time. The obtained active material utilization factor is shown in 
Table 4. 

h g eg b eb eg e e 



Page 6 of 6 



[0046] 
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[0047] In comparison with the example of Table 4, and the example of comparison cobalt three to 8% 
of the weight 0.5 - 5 % of the weight, [ Zn ] At least one or more sorts of an yttrium or calcium dissolve 
0.1 - 3 % of the weight. 0.85-1. 2degree/2theta, and tapping density use [ the field full width at half 
maximum in an X diffraction (101) / 2.0g /cc / /or more and specific surface area / 8-30m2/g and a 
mean particle diameter ] the nickel hydroxide which is 5-15 micrometers. The rate for high interest 
and long cycle life at the time of an elevated temperature are attained. 
[0048] 

[Effect of the Invention] the above explanation - the Ming kana -- like, the utilization factor of this 
invention in an elevated temperature is high as an object for the paste formula nickel positive 
electrodes of an alkaline battery, high-density nickel hydroxide with a long cycle life is offered, and 
industrial value is size very much 
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